



















, $x\geq 0$ $v$ (x)
:
$\frac{d^{4}v}{dx^{4}}(x)+\lambda v(x)=\varphi$(x), $x>0$ ,
(0.1)
$\frac{d^{j}v}{dx^{j}}(0)=0$ and $\frac{d^{k}v}{dx^{k}}(0)=0$ .
, $\{j, k\}$ (0.1)
$\{j, k\}=\{0,1\},$ $\{0,2\},$ $\{1,3\},$ $\{2,3\}$
4 , . -\rightarrow [
, ,
3 ,
, (0.1) , .
(0.2a) ,
(0.2b) (0.1) , .
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A. (0.1) . $\mathrm{R}^{1}$
$[0, \infty)$ $\mathrm{R}_{+}$ , $[0, \infty)$ $\cross \mathrm{R}+$
$\partial_{t}u(t, x)=$ - Gu(t, $x$ ), $t>0,$ $x$ >0,
(1.1) $\lim_{tarrow 0}u(t, x)=\varphi$(x), $x>0$ ,
$\partial_{x}^{j}$u(t, $0$ ) $=0$ and $\partial_{x}^{k}u(t, 0)=0$ , $t>0$ ,
. (1.1) $u$ ,
(1.2) $V(t, x) \equiv\int_{0}^{t}ds\exp\{-\lambda s\}u(s, x)$
, $V$
$\partial_{t}V$ ( $x$ ) $=-\partial_{x}^{4}V$(t, $x$ ) $-\lambda V(t, x)+\varphi(x)$ , $t$ >0, $x>0$ ,
(1.3) $\lim V(t, x)=0$ , $x>0$ ,
$tarrow 0$
$\partial_{x}^{j}V(t,0)=0$ and $\partial_{x}^{k}$V$(t, 0)=0$ , $t>0$ .
. (0.1) $v$ $V$
$v(x)= \lim V(t, x)$
$tarrow\infty$
.
$v$ , (1.1) $u$ Laplaoe ,
(1.2) $V$ . , (1.1)
$u$ , $(0.2\mathrm{a}, 0.2\mathrm{b})$ .
B. “
$’$ ’ (1.1) ,
.
4 $\partial_{x}^{4}$ , $[0, \infty)$ $\cross \mathrm{R}^{1}$
(1.4) $\partial_{t}$u(t, $x$ ) $=-\mathit{0}x$4u(t, $x$), $t>0,$ $x\in \mathrm{R}^{1}$ ,
, 3. , (1.4)
(1.5) $p(t, x) \equiv(1/2\pi)\int d\xi\exp\{-i\xi x-\xi^{4}t\}$ , $t>0,$ $x\in \mathrm{R}^{1}$ ,
“ ” . $p(t, x)$ , $|x|$
$p(1,$ $|$ xD\sim a $|$xI1/3 $\exp\{-b|x|^{4/3}\}\cos c|x|^{4/3}$ with positive constants $a,$ $b$ , and $c$
, .








$\mathrm{x}p(t2-t\mathrm{b}y1-y2).$ .. $p$ ($t_{n}-tn-$b $y_{n}-y_{n-1}$ ), $x\in \mathrm{R}^{1}$ ,
$\tilde{\mathrm{P}}$ . , $\tilde{\mathrm{P}}$ 1
Kolmogorov , .
, $\overline{\mathrm{P}}$ “ $\mathrm{P}$ ” 4
.
$H^{\alpha}[0, \infty)$ $[0, \infty)$ $\alpha$ H\"older , Krylov [2]
$\alpha<1/4$ , $H^{\alpha}[0, \infty)^{c}$ P- =0
, path continuous . ,
:
path $D[0, \infty)$ .
2 first hitting time place
$\omega\in D$ [0, o) $\tau 0(\omega)\equiv\inf\{t>0 : \omega(t)<0\}$ “ first hitting
time” , $\omega(\tau 0)$ “first hitting place” .
, $X$ : $\Omegaarrow \mathrm{R}$
(2.1) $P_{x}[X\in da],$ $a\in \mathrm{R}^{1}$
$\mathrm{C}_{b}$ (Rl) .
, “
$’$ ’ ,, (2.1)
Schwartz . , $\dot{\tau}\acute{\wedge}$‘ $X$
, (2.1) Schwartz ,
.
$[0, \infty)$ $B_{b}[0, \infty)$
2.1([6]). first hitting time place , $B_{b}[0, \infty)$ $\mathrm{x}$
$\mathrm{C}^{1}$ (R1) .
(2.2) $P_{x}[\tau \mathrm{o}(\omega)\in dt, \omega(\tau_{0})\in da]=$ [$K(t,$ $x)\delta$(a)–J$(t,$ $x)\delta’$ (a)] $dt$ da.
$\delta(a)$ Dirac , $\delta’(a)$
4 Krylov motion . , [6] .
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$K(t, x) \equiv\frac{1}{2\pi}\int_{0}^{\infty}dy\exp\{-y^{4_{t\}4y}3}(\sin$yx-cos $yx+\exp${ $-$yx}),
$J(t, x) \equiv\frac{1}{2\pi}\int_{0}^{\infty}dy\exp\{-y^{4}t\}4y^{2}(\sin$ yx-cos $yx+\exp\{-yx\})$ . $\text{ }$
2.2. (i) $-\delta’(a)$ dipole ,
5. , $\delta(a)$ monopole ,
. 2.1 .,
, “ =monopoles” “
$=\mathrm{d}\mathrm{i}\mathrm{p}\mathrm{o}\mathrm{l}\mathrm{e}\mathrm{s}$
” .
(ii) , monopole dipole .
, monopole dipole ,
6.
(iii) , Brown
$P_{x}[\tau 0\in dt, \omega(\tau 0)\in da]$ $= \frac{x}{\sqrt{2\pi t^{3}}}\exp\{-x^{2}/2t\}\delta$(a) $dt$ da
, dipole . monopole .
2.1 2.2 , .
2.3. monopoles dipoles first hitting time place
:
$\mathrm{P}_{x}$ [$\tau \mathrm{o}(\omega)\in dt,$ $\omega$ (r0) are monopoles and in $da$] $=K(t, x)\delta$ (a) $dt$ da
$\mathrm{P}_{x}$ [$\tau \mathrm{o}(\omega)\in dt,$ $\omega$ ( $\tau$0)are dipoles and in $da$] $=J(t, x)\delta$’(a) $dt$ da. $\text{ }$
, $K$ $J$ Laplace : $\lambda>0,$ $x$ \geq 0 .
(2.3) $\hat{K}(\lambda,$ $x)$ $\equiv$ $\int_{0}^{\infty}d$t $\exp\{-\lambda t\}K(t,$ $x)$
$=$ $\sqrt{2}\exp\{-\frac{\lambda^{1/4}x}{\sqrt{2}}\}\cos$ ( $\frac{\lambda^{1/4}x}{\sqrt{2}}-\frac{\pi}{4}$ ),
(2.4) $\hat{J}$( $\lambda$ , $x)$ $\equiv$ $\int_{0}^{\infty}d$t $\exp\{-\lambda t\}\mathcal{J}(t,$ $x)$
$=$ $\frac{\sqrt{2}}{\lambda^{1/4}}\exp\{-\frac{\lambda^{1/4_{X}}}{\sqrt{2}}\}\sin(\frac{\lambda^{1/4}x}{\sqrt{2}})$ ,
(1.4) resolvent kernel :








2.1 2.3 , ,
monopoles dipoles . ,
, monopoles dipoles
. , (1A) 2
, , nlonopoles dipoles
.
, (0.1) $\{j, k\}=$ {0,1} .
, ,
. , $x=0$ monopoles, dipoles
“ ” , :
(i) monopole $x\geq 0$ . ,
.
(ii) monopoles dipoles ,
.
3.1. (i) $\mathrm{P}_{x}^{(00)}[w(t)\in db]$ :
$\mathrm{P}_{x}^{(00)}[w(t)\in db]=\mathrm{P}_{x}[w(t)\in db]$
$- \int_{0}^{t}\int \mathrm{P}_{x}$ [$\tau 0(\omega)\in dt,$ $\omega(\tau 0)$ are monopoles and in da] $\mathrm{P}_{a}[w(t-s)\in db]$
$- \int_{0}^{t}\int \mathrm{P}_{x}$ [ $\tau \mathrm{o}(\omega)\in dt,$ $\omega(\tau 0)$ are dipoles and in da] $\mathrm{P}_{a}.[w(t-s)\in db]$ .
(ii) $p^{(00)}(t, x, b)$ :
$p^{(00)}(t, x, b)=p(t, b-x)- \int_{0}^{t}dsK(s, x)p(t-s, b)$
(3.1)
$- \int_{0}^{t}dsJ(s, x)\partial_{a}$p(t-s, $b-a$) $/_{a=0}$ . $\text{ }$
, (3.1) Laplace $U^{(00)}$ .





3.2. $\varphi\in \mathrm{C}_{b}(\mathrm{R}_{+})$ . $\{j, k\}=$ {0,1} , (0.1) $v$
(3.3) $v(x)= \int_{0}^{\infty}dbU^{(00)}(\lambda, x, b)\varphi$ (b)
148
.
(3.4) $V(t, x) \equiv\int_{0}^{t}ds\int_{0}^{\infty}d$b $\exp\{-\lambda s\}p^{(00)}(s, x, b)\varphi$(b)
, $tarrow\infty$ $v$ .
4 pinned end




, $x=0$ “monopole , dipole 1 ”
, 7 . .’
:
(i) monopole $x\geq 0$ . ,
.
(ii) monopole , 6
(iii) dipole , $\epsilon$ (dipole ) .
$\xi \mathrm{P}_{x}^{0r}[w(t)\in db]$ :
$\vee \mathrm{p}_{x}^{(0r)}\epsilon[w(t)\in db]=\mathrm{P}_{x}^{(00)}[w(t)\in db]$
(4.1)
$+ \int_{0}^{t}\int \mathrm{P}_{1x}$ [$\tau \mathrm{o}(\omega)\in dt,$ $\omega(\tau 0)\mathrm{L}$re dipoles and in da] $\vee \mathrm{p}_{\epsilon+a}c[w(t-s)\in db]$ .
$\epsilon(0r\cdot)p(t, x, b)db=\epsilon_{\mathrm{P}_{x}^{(0r)}[w(t)}\in db]$ ,
Laplace
$\epsilon_{U^{(0_{\Gamma})}(\lambda,x,b)=}\int_{0}^{\infty}d$ t $\exp\{-\lambda t\}\mathrm{g}p^{(0r)}(t, x, b)$
. (4.1)
$\epsilon_{U^{(0r)}(\lambda,x,b)=U^{(00)}(\lambda,x,b)}+\hat{J}(\lambda, x)\partial_{x}^{\epsilon}$U(0r) $(\lambda, \epsilon, b)$
. $\mathcal{E}U^{(0r)}$ , ,
$\epsilon_{U^{(0r)}(\lambda,x,b)=U^{(00)}(\lambda,x,b)+\hat{J}(\lambda,x)}\frac{\partial_{x}^{\epsilon}U^{(00)}(\lambda,\epsilon,b)}{1-\partial_{x}\hat{J}(\lambda,\epsilon)}$
. $1^{\mathrm{y}}$ $\epsilonarrow 0$ ,
7 , penmlty method .
148
$U^{(0r)}( \lambda, x, b)\equiv\lim_{\epsilonarrow 0}\in U^{(0r)}(\lambda, x, b)$
(4.2)
$=U^{(00)}( \lambda, x, b)-\hat{J}(\lambda, x)\frac{\partial_{x}^{2}U^{(00)}(\lambda,0,b)}{\partial_{x}^{2}\hat{J}(\lambda,0)}$
$=U^{(00)}( \lambda, x, b)+\hat{J}(\lambda, x)\frac{1}{\lambda^{1/2}}\exp\{-\frac{\lambda^{1/4}b}{\sqrt{2}}\}\sin(\frac{\lambda^{1/4}b}{\sqrt{2}})$
$=U^{(00)}(\lambda, x, b)+2\hat{J}(\lambda, x)\partial_{a}$ g$(\lambda, a, b)/_{a=0}$
.
4.1. $x=0$ “monopole , dipole ”
$p^{(0r)}(t, x, b)$ (4.2) Laplace . $\text{ }$
Laplace
$p^{(0r)}(t, x, b)=p^{(00)}(t, x, b)+ \int_{0}^{t}dsJ(s, x)Q^{(0r)}(t-s, b)$ , $x\geq 0$ ,
(4.3)
$Q^{(0r)}(t, b)=2 \partial_{a}p(t, b-a)/_{a=0=\frac{2}{\pi}}\int_{0}^{\infty}d$y $\exp\{-y^{4}t\}y\mathrm{s}i\mathrm{n}yb$,
, [7].
4.2. $\varphi\in \mathrm{C}_{b}(\mathrm{R}_{+})$ . $\{j, k\}=$ {0,2} , (0.1) $v$
(4.4) $v(x)= \int_{0}^{\infty}d$b $U^{(0r)}(\lambda, x, b)\varphi$ (b)
.




$db\exp\{-\lambda s\}p^{(0\tau\cdot)}(t, x, b)\varphi$(b)
, $tarrow\infty$ , $v$ .
4.3. , Brown . ,
, Brown . entracne
law
$Q$ (t, $b$) $=2q$ (t, 0), $q(t, b) \equiv\frac{1}{\sqrt{2\pi}}\exp\{-\frac{b^{2}}{2t}\}$ ,
, “monopole , dipole ” entrance law,
(4.3) , . Brown ,
, : , “
$=\mathrm{m}\mathrm{o}\mathrm{n}\mathrm{o}\mathrm{p}\mathrm{o}1\mathrm{e}\mathrm{s}’$
’ , “ fJ =
dipoles” . $\text{ }$
150
5 slide end
, (0.1) $k$} $=$ {1,3} . ,
, .
, , , ,
.
, $x=0$ “lnonopoles 3 , dipoles $’$ ’
. .
$[0, \infty)$ $\mathrm{g}\nu^{3}(dz)$ : $\epsilon>0$
(5.1.) $\epsilon$v3 $(dz)\equiv 2\delta_{0}(dz)-3\delta_{\epsilon}(dz)+3\delta_{2\epsilon}(dz)-\delta_{3\epsilon}(dz)$ .
, $\delta_{a}$ (dz) $\{a\}$ . $\varphi\in \mathrm{C}^{4}(\mathrm{R}^{1})$ ,
(5.2) $\int$53$(dz)=1$ ,
$\int$v(dz) $\varphi(z)=\varphi(0)-\varphi’’’$ (0) $\epsilon^{3}+O(\epsilon^{4})8$ $\epsilonarrow 0.$
. , :
(i) monopole $x\geq 0$ . ,
.
(ii) monopoles , $\epsilon_{\nu^{3}(dz)}$
8.
(iii) dipoles , .
\epsilon Pxt0[w(t)\in d :
$\epsilon$P$xt0[w(t)\in db]=\mathrm{P}_{x}^{(00)}[w(t)\in db]$
(5.3) $+ \int_{0}^{t}\int$P$x$ [$\tau 0\in ds,$ $w(\tau_{0})$ are monopole and i$\mathrm{n}$ da]
$\mathrm{x}\int_{-}^{\mathrm{g}}\nu^{3}(dz)\epsilon_{\mathrm{P}_{a+z}^{t0}[w(t)\in db]}$.
$\text{ }$
$\epsilon(t0)p(t, x, b)db=\epsilon \mathrm{P}_{x}^{(t0)}[w(t)\in db]$ ,
Laplace
$\epsilon_{U^{(t0)}(\lambda,x,b)=}\int_{0}^{\infty}$.dt $\exp\{-\lambda t\}\mathrm{g}p^{(t0)}(t, x, b)$
(5.3)
$\epsilon_{U^{(t0)}(\lambda,x,b)}=U^{(00)}(\lambda, x, b)+\hat{K}(\lambda, x)\int\epsilon\nu(3dz)\epsilon_{U^{(t0)}(\lambda,z,b)}$
8 \emptyset $\epsilon \mathrm{a}\mathrm{e}$ , (5.2) ,.
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$U^{(t0)}( \lambda, x, b)\equiv\lim_{\epsilonarrow 0}\mathcal{E}U^{(t0)}(\lambda, x, b)$
(5.4)
$=U^{(00)}( \lambda, x, b)-\hat{K}(\lambda, x)\frac{\partial_{x}^{3}U^{(00)}(\lambda,0,b)}{\partial_{x}^{3}\hat{K}(\lambda,0)}$
$=U^{(00)}( \lambda, x, b)+\hat{K}(\lambda, x)\frac{1}{\lambda^{3/4}}\exp\{-\frac{\lambda^{1/4}b}{\sqrt{2}}\}\cos(\frac{\lambda^{1/4}b}{\sqrt{2}}-\frac{\pi}{4})$
$=U^{(00)}(\lambda, x, b)+2\hat{K}(\lambda, x)g(\lambda, 0, b)$
.
5.1. $x=0$ “monopoles 3 , dipoles ”
$p^{(t0)}$ ($t,$ $x$b) (5.4) Laplace .
Laplace
$p^{(t0)}(t, x, b)=p^{(00)}(t, x, b)+ \int_{0}^{t}dsK(s, x)Q^{(t0)}(t-s, b)$, $t>0,$ $b\geq 0$ ,
(5.5)
$Q^{(t0)}(t, b)=2p(t, b)= \frac{2}{\pi}\int_{0}^{\infty}dy\exp\{-y^{4}t\}\cos yb$ ,
, .
5.2. $\varphi\in \mathrm{C}_{b}(\mathrm{R}_{+})$ . $\{j, k\}=$ {1,3} , (0.1) $v$
(5.6) $v(x)= \int_{0}^{\infty}d$b $U^{(t0)}(\lambda, x, b)\varphi$ (b)
.
(5.7) $V(t, x) \equiv\int_{0}^{t}ds\int_{0}$
”
$db$ exp{ $-\lambda$s} $p^{(t0)}(t, x, b)\varphi$(b)
, $tarrow\infty$ , $v$ .
5.3. (i) 4.3 , (5.5) ,
: “ =monopoles”
, “ fJ =dipoles”
.
(ii) (3.4) (4.5) (5.7) $V$ $V$ (t, $0$) $=0$




, (0.1) $\{j, k\}=$ {2,3} . ,
. , $x=0$ “monopole 3 , dipole
$’$ ’ ,
.
(i) monopole $x\geq 0$ . ,
.
(ii) monopole , $\Xi\nu^{3}$ (dz)
.




$+ \int_{0}$V$\mathrm{P}_{x}$ [$\tau_{0}\in ds,$ $w(\tau_{0})$ are monopoles and in da]
(6.1)
$\cross\int\epsilon$v3 (dz) $\xi \mathrm{P}_{a+z}^{(tr)}[w(t)\in db]$
$+ \int_{0}^{t}\int$P$x$ [$\tau_{0}\in ds,$ $w(\tau 0)$ are dipoles and in da] $\epsilon$P$a+(tr$\sim [w(t) $\in db$].
$\mathrm{g}p^{(tr)}(t, x, b)db=\epsilon_{\mathrm{P}_{x}^{(tr)}}[w(t)\in db]$ ,
Laplace
$\epsilon_{U^{(tr)}(\lambda,x,b)=}\int_{0}^{\infty}dt\exp\{-\lambda t\}\epsilon p((tr)t, x, b)$
(6.1)
$\epsilon U^{(t0\rangle}(\lambda, x, b)=U^{(00)}(\lambda, x, b)$
$+ \hat{K}(\lambda, x)\int^{\epsilon}\nu^{3}(dz)\in U^{(t0)}(\lambda, z, b)+\hat{J}(\lambda, x)\partial_{x}$5U00 $\rangle$ $(\lambda, \epsilon, b)$
. $\xi U^{(tr)}$ , :
$\epsilon$ U$tr(\lambda,x, b)=U^{(00)}(\lambda,x, b)$
$+\hat{K}(\lambda, x)\underline{(1-\partial_{x}\hat{J}(\lambda,\epsilon))\int^{\mathrm{g}}\nu(dz)U^{(00)}(\lambda,z,b)+\partial_{x}U^{(00)}(\lambda,\epsilon,b)\int^{\epsilon}\nu(dz)\hat{J}(\lambda,z)}$





$( \lambda, x, b)\equiv\lim_{\epsilonarrow 0}e$
:U(tr) $(\lambda, x, b)=U^{(00)}(\lambda,x,$ $b$
$+ \hat{K}(\lambda, x)(-\cdot\frac{\partial_{x}^{3}U^{(00)}(\lambda,0,b)\partial_{x}^{9}\hat{J}(\lambda,0)-\partial_{x}^{2}U^{(00)}(\lambda,0,b)\partial_{x}^{3}\hat{J}(\lambda,0)}{-\partial_{x}^{2}\hat{K}(\lambda,0)\partial_{x}^{3}\hat{J}(\lambda,0)+\partial_{x}^{3}\hat{K}(\lambda,0)\partial_{x}^{2}\hat{J}(\lambda,0)})$
$(6.2)$ $+ \hat{J}(\lambda, x)(-\frac{\partial_{x}^{2}U^{(00)}(\lambda,0,b)\partial_{x}^{3}\hat{K}(\lambda,0)-\partial_{x}^{3}U^{(00)}(\lambda,0,b)\partial_{x}^{2}\hat{K}(\lambda,0)}{-\partial_{x}^{2}\hat{K}(\lambda,0)\partial_{x}^{3}\hat{J}(\lambda,0)+\partial_{x}^{3}\hat{K}(\lambda,0)\partial_{x}^{2}\hat{J}(\lambda,0)}.)$
$-U_{\overline{x}}\mathrm{A}(\wedge,$ $\cup’\sigma_{x}.J(\wedge,$ $\cup’+\sigma_{x}.\mathit{1}\backslash (\lambda, \cup)G_{x}^{d}J(\lambda$ ,
$=U^{(00)}$ $( \lambda,x, b)+\hat{K}(\lambda,x)\frac{\sqrt{2}}{\lambda^{3/4}}\mathrm{e}$ xp $\{-\frac{\lambda^{1/4}b}{\sqrt{2}}\}$ $\cos(\frac{\lambda^{1/4}b}{\sqrt{2}})$
$+ \hat{J}(\lambda,x)\frac{\sqrt{2}}{\lambda^{1/2}}\exp\{-\frac{\lambda^{1/4}b}{\sqrt{2}}\}\sin(\frac{\lambda^{1/4}b}{\sqrt{2}}-\frac{\pi}{4})$
.
6.1. $x=0$ “monopole 3 , dipole ”
$p^{(tr)}(t, x, b)$ (6.2) Laplace .
, $p^{(tr)}(t, x, b)$
$p^{(tr)}(t, x, b)=p^{(00)}(t, x, b)+ \int_{0}^{t}dsK(s, x)Q_{K}^{(tr)}(t-s, b)$




$dy\exp\{-y^{4}t\}$ ( $\cos b$y-sin $by+$ exp{-b $y\}$),
$Q_{J}^{(tr)}(t, b) \equiv-\frac{2}{\pi}\int_{0}^{\infty}dy\exp\{-y^{4}t\}y( \cos by-\sin by+\exp\{-b y\})$ ,
.
62. $\varphi\in \mathrm{C}_{b}(\mathrm{R}_{+}$. $)$ . $\{j, k\}=$ {2,3} , (0.1) $v$
(6.4) $v(x)$ $)=70\infty dbU^{(tr)}(\lambda, x, b)\varphi(b)$
.
(6.5) $V(t, x) \equiv\int_{0}^{t}ds\int_{0}$
”
$db\exp${-As} $p^{(tr)}(s, x, b)\varphi(b)$
, $tarrow\infty$ , $v$ .
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